The transcapilla ry e scape rate of albumin (TERnl b), i.e., t he fraction of i n t ravascular albumin mass passing to t he ext ravas cula r s pace per unit time, is a parameter of the leakage o f m a cromole cules from the total m icrovasculatu re. In p a tie nts with psoriasis short-term PUV A treatment induce s an increase in TER"lb' I n this s tudy TERlilb was measured in 3 groups of norIDal humans treated with PUV A, UV AI and 8 -met hoxypsoralen. Treatment with PUV A and UV A caused a statistically significant increase in TERnlb, whereas treatment with 8-methoxypsoralen did not induce any m easurable changes.
a statistically significant increase in TERnlb, whereas treatment with 8-methoxypsoralen did not induce any m easurable changes.
It is concluded that the UV A irradiation causes the a bnormal leakage of macromolecules, whereas psoralen is not the responsible component. Further more the phen OIDenon can be elicited in normals and is not bas ed on a preexisting psoriasis. E x pos ure of th e normal skin to ultraviole t radia tion (UVR) can e licit an infla mma tory r ea ction including vasodila t ion with increase d blood fl ow [1] , incr eased vascular permeability and emigration of le ukocytes [2] . Kuma kiri, H ashimot o, a nd Willis fo und pronounced dermal d a m age wit h widely ope n endothelial gaps in the superficial derma l vessels after a single exposure t o relativ e ly lar ge doses of long-wave ult r aviolet light (U VA) [3] .
Histological ch a nges with dilated de rma l vessels a nd d a m age to t h e vessel walls h a ve been described after psorale n-ul tr aviolet light (PUV A ) trea t m en t [4] . Accordingly, Worm h as s h own , th at p a tie n ts wit h p soriasis h ave a n increased m icrovascula r leakage of plasm a prot eins after PUV A tr eatment [5] . Qui te rec e n t ly t his finding h as been corroborated by a nimal experimen ts [6] .
The a im of t h e present study h as been to furth er elucidate wh eth er th e micr ovascular leakiness to intr avascul ar macrom olecules can be p rovoked in norm al huma ns afte r shor t -term PUV A treatme n t, a nd wh eth er a ny dem on str able changes can be ascribed t o p sorale n , t o UV A, or solely to the combination . T h e vas cular leakiness was d etermine d by m easurem en t of t h e trans capillary escape r ate of albumin (i.e. th e fraction of intravascular albumin m ass p assing to t h e extravascular space per unit t ime ).
M ATERIALS A ND M ETHODS

Vo lunteers
Twenty-ane infarmed healthy male va lun tee rs aged 19 to 26 yr participated in the study. Na ne af the va lun teers had been expased to. the sun far at least 3 rna priar to the investigation. T he skin type of each indi vidual was determined on the basis of burning and tanni ng history [7] . Manuscript received July 6,1981 ; accepted for publi cation September 6, 1981. This work was supparted by the Danish Psariasis Society. Reprint requ ests to: B. Staberg, M.D., Department of Cli nical P hysiology, T he Finsen Insti tute, Strand boulevarden 49, DK -2100 Copenhagen 0, D enmark.
Ab breviations: TER u ",: transcapiLi ary escaperate af albumin
Light Source
About 90% of the skin was irradiated while volun teers were standing up in a unit equipped with 76 P hilips flu orescent tubes (Philips TL 40 W / 09) emi tting mainly in the long-wave ultraviolet (UVA) region with a peak at 355 nm and that produced a UVA energy of 7 mw/ cm2 at a wstance of 50 cm.
Drug
8-methoxypsoralen in 10 mg tablets was given on a mg/ kg ba is in doses from 30 to 40 mg [7] .
Procedure
The volunteers were divided into 3 groups. Group 1 (P UVA ): 8 subj ects received the combined treatment of psoralen and UVA. Doses of 4-5 J /cm 2 based on the individual skin type was delivered 2 hr after ingestion of 8-methoxypsoralen. T he P UVA treatment was given on 2 successive days with the investigative procedures being performed 1 day before the first treatment and 2 days after the second treatment. At the second investigation most of the volunteers presented with a generalized erythema and a moderate pruritis.
Group 2 ( UVA ): 8 subjects received one irradi ation with UVA in a dose of 10 J /cm 2 . The investigations were performed 1 and 3 days after the irrawation. None of the volunteers presented any visible skin changes.
Group 3 (psoralen): 5 subj ects were given 8-methoxypsoralen as in the PUVA group bu t received no UV A-irradiation.
The investigative procedure was the same as de cribed by Worm and Rossing [8] . All subjects were studied in the morning after at least 8 hr of fasting and 30 min of rest in the supine position. In each in dividual the first investigation was performed with human seru m albumin labelled electrolytically with '2"1 (code IT 21S, Institute for Atomic E nergy, Kjeller, Norway), and the second investigation with human serum albumin labeled with '3'1 (code IK. 21 S). T he differe nces in the radiolabels do not affect the metabolic behavior of the protein [9] . T he thyroid radioiodine uptake was suppressed with potassium iodide 100 mg per day for 5 days starting on the day of the first investigation. About 5 /LCi of the tracer was injected in to 1 arm vein, and 9 venous blood samples were drawn fro m the other arm (10, 15, 20, 30, 35 , 40, 50, 55 and 60 min after injection) .
T he radioactivity of all plasma samples was expressed in relation to total protein concentration as measured by refracto metry to avoid errors due to acc idental plasma volume changes between sampli ngs. TERn'h was determ ined as the rate constant of the almast monoexponential decrease in specific plasma activity over the firs t 60 min after injection as calculated by the least sq uares methad . Plasma volume was determined by extrapo lation to time zero of the plasma disappearance curve of tracer albumin, and from the injected volume of tracer as measured by we ighing. Plasma albumin concentration was measllred by radial imm unodiffusion [10) . T he int.ravascular mass of albumin (IVMn",) equ als plasma vo lu me x plasma albumin conce ntration.
T he results in the UV A group one day after irradiation were compruoed with the before treatment values from the PUVA and the psoralen groups. The 13 individuals in this control group matched the volu nteers in the UV A group as to age and sw-face area.
Statistics
For statistical eval uation the St.udent's t-tests for paired and unpair ecl observations were used. Table I shows the r esults before (I) and aft er PUV A treatme nt (II). The treatment caused an elevation of t.he TERn", in 7 out of 8 volunteers, and this elevation was significant (p < 0.05). Table II shows the results 1 (I) and 3 days (II) after irradiation with UV A. The TERnlb values one day after the light exposure (1) did not differ significantly from those of th e control group (p> 0.1). The UVA treatment caused a significant elevation of TER"lb 3 days after irradiation (II) as compared to one day after irradiation (p < 0.01). The values of TER,db 3 days after UV A exposure did not differ significantly from the values after PUV A treatment. Table III gives the data before (1) and after (II) the administration of 8-methoxypsoralen. The treatment did not cause a ny significant ch anges of the TER"lh (p > 0.1). None of t he treatments caused any systematic changes in plasma volume, plasma albumin concentration, or IVMulb. The values observed in the control group were in accordance with those obtained previously by others [10] .
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DISCUSSION
Worm recently demonstrated that PUVA treatment causes an increase in the TER"lh in patients with psoriasis [5] . It was, however , uncertain as to wheth er this effect was due to the treatment alone, or to the combination of the treatmen t and the psoriasis. Ultrastructural studies of psoriatic skin have earlier shown open endothelial gaps in the upper dermis [11] . Our results demonstrate, however , that a simila r increase of t he microvascular leakiness to macromolecules can be provoked in normal subjects by PUV A treatment.
Miescher noted in 1957 that UV A-irradiation causes histological changes in the dermis with evidence of capillary injury and endothelial cell necrosis [12] . However , 1 or 2 days after suberythemogenic doses of UV A Willis, Kligman, and Epstein found no light microscopic changes in normal skin [13, 14] . Electron microscopic studies one day after single exposure to large doses of UVA (86-173 J /cm") have sh own large endothelial gaps in th e superficial vessels [3] .
T h e doses of UV A used in this study are far from those known to cause histological changes in th e dermal vasculature. Nevertheless t h e in crease in TER"II, is found in both t h e PUV A and the UV A group, and t h e increments are not significantly different. The total light energy delivered to each vo lunteer was nearly the same in t h e PUV A a nd UV A group, a nd t he ingestion of 8 -methoxypsoralen without UVA does not induce any m easurable changes in the leakiness of the microvasculature. We conclude t h erefore, that th e UV A is th e m ost important factor in causing t h e TER"II; elevation. Furthermore our data clearly indicate that whole-body irradiation wit h UV A even in s uber yth emogenic doses induces a n incr eased leakiness of albUIDin from the microvasculature.
The UV A eryth ema appears after 24-48 hr a nd is maximal at 72 hI" [15] . The TER"lb value one day after UVA irradiation is not significantly different from control values, indicating that t h e increase in leakiness of the microvasculature is delayed as is the erythe ma reaction.
It migh t be expected t hat the demonstrated increased leakiness might to some extent explain previous observations of a red u ced blood pressw'e after UVR [16] by causing a decrease in plasma volume. In our study the plasma volume a nd IVM"lb was unaltered in spite of the increased leakiness. This implies that th e lymphatic return rate increases sufficiently to compensate for t he extravasation of plasma proteins.
In e xperimental animals t he vascular response to Kromayer light (250-370 nm) is biphasic. Transient immediate increased vasopermeability is followed by a period of delayed, prolonged, increased vasopermeability after a lag time of 2 to 8 hr [2] . In pigs and hairless mice the blood content of th e skin and t he vascular permeability to albumin after treatment with antracen e a nd UV A has been studied [6, 17] . In mice the treatment provoked a 9-fold increase in blood content but no increase in permeability. In pig, however, th e sam e treatment induced a doubling of th e blood content and a ten-fold increase in permeability. These different results ar e not commented upon by t he authors. The great increase in blood-content of t he mouse skin could possibly conceal a minor increase in t h e permeability. In neith er of t he studies were any changes in blood-content or permeability noticed after UV A alone. Since t he fore na med measurements were local and carried out immediately after irradiation, experimental design is quite differ ent from ours, and this might partly account for t he discrepa ncy.
Two main mechanisms have been proposed to acco unt for t he dermal vascular cha nges following UV-ligh t exposw'e. Primarily low molecular weight sub tances released in the epidermis diff use into the dermis to act on blood vessels. T he second mech a nism involves a direct effect of t he radiation on the dermal blood vessels [18] . It has been suggested, th at UV A erythema is entirely du e to the second mecha nism, but whether or not this is due to vasoactive mediators produced inside th e vessel walls rema ins to be investigated [15] .
In experimental a nimals seroto nin a nd histamine a ntago nists s uppress t he immediate phase of increased vasopermeabili ty [6, 19] . The media tors of t he delayed phase of vascular r esponse have been difficult to define [19] . Production of prostagla ndins increases following UV exposure, but in contrast to short-wave ultraviolet light (UVB) it h as been sh own, that topical or oral indomethacin does not reduce UVA-induced delayed ery t hema in h umans [1, 20] . S ince t h e TER"lb is a measure of the overa ll w hol e-body escape rate of albumin it is not possible to estimate t h e vascular cha nges in various parts of t he microvasculature MICROVASCULAR REA CTION TO PUV A AND UV A 263 by this m ethod. The albumin content in t h e skin is a bou t 20% of the total albumin mass [21] . Sin ce we are dealing with wholebody irradiation, it might be expected, t h at th e TERnlb elevation is exclusively based on an increase in t h e leakiness of th e microvasculatme in t he skin. Suberyth emogenic doses of UV A do not induce light microscopic histological vascular alterations in t he skin [16] . Therefore it is possible that vasoactive m ediators liberated in the epidermis or in t he dermal vessel walls migh t induce an incr eased microvascular leakage to albumin in other organs that the skin thereby con tribu ting to the overall increase in microvascula r leakage. Studies on gastrointestinal protein loss and excretion rates of urinary plasma protein after ultraviolet ra diation might cono'ibute to the solution of t his problem.
